Staphylococcus aureus remains a significant cause of morbidity and mortality and, therefore, a burden on healthcare systems. Our aim was to estimate the current rate of nasal S. aureus carriage in the general population and to determine the feasibility of nasal self-swabbing as a means of detection. Two thousand people (1200 adults and 800 children) from a single NHS general practice in Southampton, UK, were randomly selected from a general practice age sex register, stratified by age and sex, and invited to undertake nasal self-swabbing in their own home. Overall, 362 (32.5 %) swabs from adults and 168 (22 %) from children were returned. Responses were greater for adults and those of increased age, female gender and decreasing socioeconomic deprivation. The overall estimated practice carriage rate of S. aureus directly standardized for age sex was 28 % [95 % confidence interval (CI) 26.1-30.2 %]. Carriage of meticillin-susceptible S. aureus was 27 % (95 % CI 26.1-30.2 %), whilst that of meticillinresistant S. aureus was 1.9 % (95 % CI 0.7-3.1 %). Although nasal self-swabbing rates were relatively low, they are comparable to other studies and may allow large population-based carriage studies to be undertaken at relatively low cost. Importantly, this study updates prevalence data for S. aureus carriage in the community.
INTRODUCTION
Approximately 30 % of the UK population carry Staphylococcus aureus on the skin, primarily in the nose, armpits and groin. S. aureus carriage or colonization in itself is not harmful but is a risk for infection in some individuals and can lead to significant morbidity and mortality. Meticillin-susceptible S. aureus (MSSA) and meticillinresistant S. aureus (MRSA) have been described. The epidemiology of S. aureus carriage and disease has changed in recent years, particularly in relation to antibiotic resistance and the prevalence of infection in healthcare settings (Nathwani et al., 2008) . Healthcare-associated MRSA became problematic in UK hospitals in the mid1990s and affects the vulnerable, elderly and debilitated in healthcare settings. Community-associated MRSA typically affect younger healthy people who have not had recent healthcare contact (Nathwani et al., 2008) . The latter also tend to spread amongst those in closed-community settings such as households, military establishments, sports teams and gyms. However, the boundaries of the epidemiology of S. aureus colonization and infection have become blurred (Nathwani et al., 2008) . More recently, the PantonValentine leukocidin (PVL) toxin has been identified as a virulence determinant of S. aureus and is associated with particular strains of this species (Voyich et al., 2006) .
Comprehensive surveillance systems are crucial for identifying and combating new and emerging infectious diseases (Department of Health, 2002) but in the UK and across Europe, attention has mainly focused on surveillance in healthcare settings (Department of Health, 2007) . Although some carriage studies have taken place in community settings, these studies are either outdated, over a decade old, or involved small numbers of participants (Abudu et al., 2001) or swabs for S. aureus carriage at the point of care (Grundmann et al., 2002) . Surveillance for S. aureus in community settings provides data on circulating strains, which may help develop control measures to reduce the spread of infection in hospitals (Green et al., 2010; Otter et al., 2009; Rollason et al., 2008) .
Although nasal self-swabbing for S. aureus and respiratory viruses has been described previously, to our knowledge no nasal self-swabbing for S. aureus has taken place independently of the healthcare environment or laboratory personnel. The aim of the present study was to use nasal self-swabbing and to obtain estimates of the prevalence of S. aureus in the community to guide further studies. We report that nasal self-swabbing is a practical method for undertaking large carriage studies in the community and that carriage rates of S. aureus are similar to those reported in previous community-based studies.
METHODS
Research ethics approval was obtained from the Southampton and South West Hampshire Research Ethics Committee (B), reference 08/ H0504/176. A cross-sectional survey of patients from one urban general practice (GP) was performed. The GP age sex register consisted of 10 293 patients and was stratified by age and sex into five age bands: 0-4 years, 5-17 years, 18-40 years, 41-64 years and 65+ years. Within each age band, 200 males and 200 females were randomly selected, thus giving a total of 400 participants per age band and a total of 2000 potential participants overall. All 2000 potential participants were sent an invitation letter, study information sheet, instruction sheet detailing how to take a nasal swab (anterior nares from both nostrils), a cardboard box containing a swab with Amie's medium (Medical Wire and Equipment), a swab container for postal transport and a pre-paid envelope for return to the laboratory. Aside from being taken by the participants, swabbing was performed according to standard practice. Non-responders were not followed up. All swabs were processed for the presence of MSSA and MRSA according to standard laboratory protocols by the Health Protection Agency Public Health Laboratory in Southampton. Isolates were tested for the gene encoding PVL using the forward and reverse primers only from McDonald et al. (2005) , which span the lukF-PV and lukS-PV junction point. DNA was isolated by boiling a colony in molecular grade water and followed by centrifugation at 20 000 r.p.m. for 3 min. Five microlitres of supernatant was added to the PCRs. PCR and melt curve analysis was carried out using the LightCycler 2.0 (Roche) with the following programme: 95 uC denaturing step for 5 min, then 35 cycles of 95 uC for 10 s and 60 uC for 30 s, followed by the melt curve programme of 95 uC for 0 s (ramp rate 20 uC s 21 ), 68 uC for 15 s (ramp rate 20 uC s 21 ), then 90 uC for 0 s (ramp rate 0.1 uC s 21 ; acquisition mode: continuous), and a final cooling step of 40 uC for 30 s. Positive results for PVL were interpreted as a PCR which gave a melting peak of T m 77.5 uC. All data analysis and associated statistics were calculated using EpiInfo Version 6 (Centers for Disease Control and Prevention). Response rates and prevalence estimates were analysed by age, gender and socio-economic deprivation. Deprivation indices were derived from the individuals' postcode using the Index of Multiple Deprivation 2007 (HM Government). Overall practice prevalence was estimated using age sex specific estimates applied to the total population. For the main estimates, 95 % confidence intervals are presented. The statistical significance of the association between prevalence and age band was assessed with x 2 tests for linear trend.
RESULTS AND DISCUSSION
Study packs were posted to 1200 adults and 799 children (one child on the GP list was found to live abroad). Eightyfive and 41 packs respectively were returned unopened due to the recipient no longer living at the registered address, giving a total of 1873 potential participants (1115 adults and 758 children). A total of 530 people responded giving an overall response rate of 28 % (530/1873) (details of response rates are given in Tables 1, 2 and 3) . Of these, 362 (32.5 %) were adults and 168 (22 %) were children. Higher response rates were observed in older, less deprived and female invitees.
Of all the responders, 28.0 % (95 % CI 24.1-31.8 %) were found to carry S. aureus (Table 4 ). The overall prevalence of MSSA was 27.2 % (95 % CI 23.2-30.8 %); MSSA was isolated from 102 adults (prevalence of 28 %, 95 % CI 23.4-32.6 %) and 42 children (prevalence of 25 %, 95 % CI 18.5-31.5 %). The difference in prevalence of MSSA amongst the differing age bands was not statistically significant (P50.743).
The overall prevalence of MRSA was 1.9 % (95 % CI 0.7-3.1 %). MRSA was isolated from four out of 362 adults (1.1 %, 95 % CI 0.02-2 %) and six out of 168 children This is the first published study since 2001 describing the prevalence of S. aureus carriage in a community population in the UK. We have shown that it is possible to survey a community sample using primary care in order to undertake a bacterial carriage study. Importantly, self-swabbing allows for a representative survey of the community and does not bias towards those attending healthcare. Although the response rate was low, this compares favourably to previous studies and existing HPA practice for viral testing (O'Connell et al., 2001; Abudu et al., 2001) , and still allows for a suitable participation level albeit with some wastage of study consumables. Follow up of potential participants by a second mailing may have resulted in a higher response rate but would have been more costly and time consuming. Moreover, nonresponse was not random, as the response rate increased with age and was higher in individuals of female gender and lower levels of socio-economic deprivation.
Comparisons with other studies must be undertaken with caution due to the low but comparable response rate, the heterogeneity of the study populations and different methods of testing. However, the prevalence rates of MSSA and MRSA identified in this study are broadly similar to other community prevalence surveys (Abudu et al., 2001; Ma et al., 2011) . Two studies identified comparable rates in those aged over 65 years (Grundmann et al., 2002; Maudsley et al., 2004) , with the latter study additionally sampling the skin and throat. Similar rates were also found in a community-based study of persons aged over 16 years (Abudu et al., 2001) . However, data are lacking regarding the prevalence of MRSA carriage in UK children. It is important to know differences in carriage rates in different age groups since high carriage rates in one may act as a reservoir for infection of others. In our study, we found similar carriage rates of MSSA in children and adults but a significantly higher carriage rate of MRSA in children compared with adults.
There were several limitations to this study. Nonresponders were not followed up and responder bias was evident. Although nasal swabbing, particularly of the anterior nares, is considered to be the gold standard for ascertaining S. aureus carriage, swabbing just the nostrils may underestimate carriage as the nostrils may not be the most common carriage site (Senn et al., 2012) . Throat swabs are at least as likely, if not more likely, to detect colonization (Bignardi & Lowes, 2009 ). However, for epidemiological and surveillance purposes, the nose is likely to offer the most accessible and acceptable site for members of the public to undertake self-swabbing. Nevertheless, further studies should be performed to demonstrate the usefulness of self-swabbing of different sites of the upper respiratory tract, particularly in light of the importance of S. aureus and other carried bacteria in causing meningitis, sepsis and respiratory disease in vulnerable individuals. Furthermore, our study was carried out in only one urban GP in the south of England; larger multi-practice studies are needed with socio-demographic and geographical diversity to obtain more robust population estimates of response rates and S. aureus prevalence.
In conclusion, our study demonstrates that self-swabbing to ascertain the prevalence of upper respiratory tract carriage of S. aureus is possible. It also updates the literature by providing an up to date prevalence rate of S. aureus (and specifically MSSA and MRSA) in the community from a primary care setting.
